Introduction
============

Glucocorticoids (GCs) are widely used in chronic inflammatory and autoimmune diseases ([@b1-etm-0-0-4802]--[@b4-etm-0-0-4802]). However, long-term excessive administration of GCs elicits significant bone loss ([@b5-etm-0-0-4802],[@b6-etm-0-0-4802]) resulting in severe fracture of various bones in 30--50% of patients ([@b7-etm-0-0-4802]--[@b10-etm-0-0-4802]). GC-induced osteoporosis (GIO) is one of side effects of GCs, which contributes to an increase of morbidity and mortality ([@b11-etm-0-0-4802]). Measures of prevention and treatment of GIO should be taken for patients receiving GCs ([@b8-etm-0-0-4802]). While this deleterious effect of GCs has become increasingly known over previous decades, GIO remains under-treated in patients receiving GCs ([@b12-etm-0-0-4802]). Patients exposed to GCs for a long period of time (≥6 months) should take anti-osteoporotic drugs in order to prevent GIO ([@b3-etm-0-0-4802]). In addition, the major cause of GIO is considered to be impairment of bone formation ([@b13-etm-0-0-4802],[@b14-etm-0-0-4802]). Although parathyroid hormone as an approved anabolic agent is thought to be a beneficial therapy for the prevention and/or treatment of GIO, its clinical usage is limited due to its high cost ([@b15-etm-0-0-4802]). Therefore, there is an urgent requirement for the development of medications for the prevention and treatment of GIO ([@b16-etm-0-0-4802]--[@b18-etm-0-0-4802]).

The dried roots of *Polygonum multiflorum* Thunb (PM), a medicinal herb, have been widely used in Traditional Chinese Medicine for thousands of years. A previous study by our group showed that extracts of PM prevented and recovered bone loss in ovariectomized rats ([@b19-etm-0-0-4802]), which has been patented ([@b20-etm-0-0-4802]). Further studies by our group revealed the effects of the major active components of PM, such as emodin and 2,3,5,4′-tetrahydroxystilbene-2-*O*-β-glucoside (TSG), on osteogenic differentiation and bone formation ([@b21-etm-0-0-4802],[@b22-etm-0-0-4802]). Subsequent studies by our group showed that emodin and TSG promote the osteogenic differentiation of mesenchymal stem cells and the underlying mechanism involves the regulation of the Wnt signaling pathway ([@b23-etm-0-0-4802],[@b24-etm-0-0-4802]). Whether PM has a preventive effect on GIO has remained elusive. Based on the abovementioned studies, the present study aimed to investigate the content of TSG (%) and combined anthraquinone (CAQ) (%) in various extracts of PM, and to assess the effects of PM on bone mass, architecture and biomechanical properties in GIO rats.

Materials and methods
=====================

### Preparation of the extracts

PM was purchased from Yulin Xiang Sheng Chinese Herbal Medicine Co., Ltd. (Nanyang, China) and characterised by Professor Yuyu Liu at the Department of Pharmacology of Guangdong Medical University (Zhanjiang, China). A voucher specimen was deposited at the herbarium of Guangdong Key Laboratory for Research and Development of Natural Drugs, Guangdong Medical University (Zhanjiang, China). The plant material was air-dried indoor at room temperature. Air-dried roots of PM (56.0 kg) were extracted with 75% ethanol at 55°C for 4 h, followed by rinsing with cyclohexane. A crude extract of the PM (9.25 kg) was acquired by evaporation of the organic solvent under reduced pressure at 55°C. The PM extract (2 kg) was dissolved in water and loaded onto a D-101 macroresin (Shaanxi Lanshen Special Resin Co., Ltd., Xian, China) column (80×1,200 mm), and then successively eluted with H~2~O as well as 10, 20, 30, 40, 50, 60, 70, 80 and 90% ethanol. According to preliminary results on the bioactivity of the extracts, the 30% ethanolic eluate of PM showed the highest potency in promoting the differentiation of cultured osteoblasts.

### Preparation of standard and sample solutions for high-performance liquid chromatography (HPLC) examination

Reference compounds of TSG, emodin and physcion were purchased from the National Institute for Food and Drug Control of China (batch nos. 110844-201411, 110756-200110 and 110758-201415, respectively). The three reference compounds were accurately weighed and then dissolved in 70% methanol to produce standard solutions. Each powdered sample of 0.5 g was refluxed using 50 ml 70% methanol in a water bath for 60 min. The supernatant was used as test solution A for TSG and free anthraquinone (FAQ). Test solution A (10 ml) together with 1.5 ml 36% hydrochloric acid was refluxed in a water bath for 60 min and then transferred to a 25-ml volumetric flask, diluted with 70% methanol to volume and mixed well. The supernatant of this prepared solution was used as test solution B to determine total anthraquinone (TAQ) content. The CAQ content was calculated as follows: Content of CAQ=content of TAQ-content of FAQ ([@b25-etm-0-0-4802]). CAQ was calculated as the total amount of physcion and emodin. Standard sample and test solutions A and B were filtered through 0.45-µm membranes separately, and 10 µl of each standard and sample solution was analyzed by HPLC 6 times. The contents of TSG and CAQ in the PM extracts were measured by HPLC on a Syncronis C18 column (250×4.6 mm) on an Agilent 1200 HPLC system (Agilent Technologies, Santa Clara, CA, USA). The data were obtained under the following HPLC conditions: Flow rate, 1.00 ml/min; injection volume, 10 µl; column temperature, 25°C; mobile phase A, MeOH and B, H2O with 0.1% phosphoric acid; elution program: Linear gradient from 10--30% A over 20 min, to 50% A over 20 min, to 85% A over 20 min, to 100% A over 20 min, which was then maintained for 20 min; detection wavelength, 320 nm for TSG and 254 nm for physcion and emodin.

### Animal experiment

The study was approved by the Academic Committee on the Ethics of Animal Experiments of Guangdong Medical College \[Zhanjiang, China; permit no. SCXK (Guangdong) 2008--0008\]. All animals were treated in accordance with the Guidelines and Regulations for the Use and Care of Laboratory Animals of Guangdong Laboratory Animal Monitoring Institute under the National Laboratory Animal Monitoring Institute of China. Male and female Sprague Dawley rats (age, 6 months; weight, 190--230 g; n=180) were randomly divided into eighteen cages at the Animal Center of Guangdong Medical University (Zhanjiang, China) and acclimatized for two weeks at 24--28°C and 50--60% humidity. At the beginning of the study the weight of the female rats was 200±20 g, and the weight of the male rats was 220±20 g. The rats were randomly divided into nine groups: Control (normal saline), prednisone (6 mg/kg/day), prednisone (6 mg/kg/day) plus calcitriol (CAL; 0.045 µg/kg/day), prednisone (6 mg/kg/day) plus 30% ethanolic eluate of PM at a high (H), medium (M) or low (L) dose (400, 200 or 100 mg/kg/day, respectively) or prednisone (6 mg/kg/day) plus crude extract of PM at a high (H), medium (M) or low (L) dose (400, 200 or 100 mg/kg/day, respectively). Rats were administered prednisone for 21 weeks per oral gavage as a GIO model. Furthermore, the extracts mentioned above were administered to rats by oral gavage exposed to prednisone, Prednisone was administered in the afternoon, while the extracts were administered in the morning. Changes in body weight were monitored every week. The weight of the viscera, anterior tibial muscle and other tissues were recorded at the end of the experiment (21 weeks). The femur and lumbar vertebrae (LV) were collected for the measurement of the three-dimensional (3D) microarchitecture via micro-computed tomography (micro-CT) scanning as well as determination of biomechanical properties and bone mineral density (BMD) ([@b26-etm-0-0-4802]).

### Micro-CT examination

The right femur and the fourth LV (LV4) were dissected from the residual muscle and secured in a sample holder, and micro-CT imaging was performed on a SCANCO VivaCT 40 (Scanco Medical, Zurich, Switzerland) ([@b27-etm-0-0-4802]). Samples were acquired with 1,000 projections for 2,048 samples each, reconstruction of 2,048×2,048 pixels, integration time 8 of 200 msec, an energy of 70 kVp, a current of 114 mA and a diameter of 38.9 mm. Each measurement included 530 slices corresponding to a 9.50-mm thick cross-section of the forearm. The values for the lower and upper threshold were set as 170/1,000 and 220/1,000 in male and female rats, respectively. The regions of interest of femoral cancellous were selected for analysis. Using the cross-sectional images from micro-CT scanning, longitudinal analysis of the distal femur excluding the cortical bone was performed in the measurement area between 1 and 4 mm distal to the growth plate-metaphysis junction ([@b28-etm-0-0-4802]--[@b30-etm-0-0-4802]). As for the LV4, the trabecular bone region was outlined for each micro-CT slice, excluding the cranial and caudal endplate regions at 1 mm from the growth plate-metaphysis junction ([@b31-etm-0-0-4802]). 3D images were obtained for visualization. Bone volume/total volume (BV/TV), structure model index (SMI), trabecular number (Tb.N), trabecular separation (Tb.Sp), trabecular thickness (Tb.Th), H-h, B-b, BMD and density at the bone tissuses were measured ([Fig. 1](#f1-etm-0-0-4802){ref-type="fig"}). All of the micro-CT analyses were performed using the Scanco micro-CT software analyzing system (Scanco Medical; v. 2013).

### Assessment of BMD

The right femur and the LV4 were removed and the residual muscle was dissected. For maintaining moisture, samples were wrapped with saline-saturated gauze and stored at −20°C ([@b32-etm-0-0-4802]). BMD was measured by dual-energy X-ray absorptiometry (Discovery Wi; Hologic, Inc., Bedford, MA, USA).

### Determination of biomechanical properties

The right femurs were obtained and their bone mechanical properties were determined through three-point bending ([@b33-etm-0-0-4802]). The upper and lower sides of the cartilage of the LV5 were rubbed off and the LV5 was used to measure the bone mechanical properties through compressing. An MTS Mini Bionix testing system (Mini Bionix858, MTS, USA) was used for the measurements ([@b32-etm-0-0-4802]). Samples were tested with a 15-mm span at a speed of 0.01 mm/sec. Load-displacement curves were plotted. The output parameters included elastic load (N), maximum load (N), break load (N) and stiffness (N/mm).

### Statistical analysis

Values are expressed as the mean ± standard deviation. Statistical analyses were performed with SPSS version 22.0 (IBM SPSS, Armonk, NY, USA). One-way analysis of variance was used to detect the differences in changes between the groups of various treatments after establishing that the data were normally distributed as well as equivalency of variances. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Content of TSG (%) and CAQ (%) in the PM extracts

Based on the analytical method mentioned above, TSG, emodin and physcion were well separated in the HPLC chromatograms ([Figs. 2](#f2-etm-0-0-4802){ref-type="fig"} and [3](#f3-etm-0-0-4802){ref-type="fig"}). The contents of the 30% ethanolic eluate and the crude extract of PM were analysed from data obtained from triplicate experiments. For quantitative determination of TSG and CAQ in the PM extracts, TSG solutions at concentrations ranging from 0.625 to 20 µg/ml were injected and the regression equation was determined to be y=68.514x + 35.168, r=0.9998. The solution for emodin was used at concentrations ranging from 1.25 to 20 µg/ml. Physcion was determined by injecting five concentrations ranging from 5 to 80 µg/ml. In the 30% ethanolic eluent of PM, the content of TSG was 9.20±1.18% and that of CAQ was 0.15±1.08%, and in the crude extract of PM, the content of TSG was 2.23±1.26% and that of CAQ was 0.03±1.32% ([Table I](#tI-etm-0-0-4802){ref-type="table"}, [Figs. 2](#f2-etm-0-0-4802){ref-type="fig"} and [3](#f3-etm-0-0-4802){ref-type="fig"}).

### Effects of PM on alterations of body and vital organ weight

Alterations in the body weight of rats were not significantly different between any of the groups during the initial stage of the experiment, while the weight of rats in the prednisone group decreased significantly in the fourth week compared with that in the control group (P\<0.05; [Figs. 4](#f4-etm-0-0-4802){ref-type="fig"} and [5](#f5-etm-0-0-4802){ref-type="fig"}). Conversely, the body weight of rats in the 30% ethanolic eluate of PM (M) and crude extract of PM (H) groups was increased compared with that in the prednisone group (P\<0.05). Of note, the weight of adrenal gland, liver, tibialis anterior muscle, ovaries and uterus in the prednisone group was also decreased compared with that in the control group (P\<0.05). Compared with that in the prednisone group, the weight of the thymus of male rats and the weight of the ovaries in female rats was increased in the CAL group (P\<0.05). The weight of body, thymus and tibialis anterior muscle in male and female rats as well as that of the ovaries increased in the 30% ethanolic eluate of PM (M) and crude extract of PM (H) groups compared with that in the prednisone group (P\<0.05; [Tables II](#tII-etm-0-0-4802){ref-type="table"} and [III](#tIII-etm-0-0-4802){ref-type="table"}).

### Detection of 2D images

According to 2D reconstruction images of sagittal sections of the right femur and the LV4 of rats in the prednisone group, the microarchitecture of bone trabecula showed an irregular and smaller shape compared with that in the control group. Contrarily, the microarchitecture of the bone trabecula of rats in the CAL group, the 30% ethanolic eluate of PM (M, L) and the crude extract of PM (H, M) groups exhibited a more regular shape than those in the prednisone group. Based on evidence from coronal section images, the density of the bone trabeculae had decreased in the prednisone group, which was partly recovered in the CAL, 30% ethanolic eluent of PM (M, L) and crude extract of PM (H, M) groups. As shown in the cross section images, the thickness of the conical bone in these groups was also higher than that in the prednisone group ([Figs. 6](#f6-etm-0-0-4802){ref-type="fig"}--[9](#f9-etm-0-0-4802){ref-type="fig"} and [Tables IV](#tIV-etm-0-0-4802){ref-type="table"}--[VII](#tVII-etm-0-0-4802){ref-type="table"}).

### Analysis of 3D reconstruction images

After the microarchitecture of the bone trabecula was observed in the 2D reconstructed images, 3D reconstructed images of the right femur and the LV4 were generated for each group of rats ([Figs. 10](#f10-etm-0-0-4802){ref-type="fig"}--[13](#f13-etm-0-0-4802){ref-type="fig"}). The segmentation (SEG) images showed a regular shape, uniform thickness and dense arrangement of bone trabecula in the control group. By comparison, in the prednisone group, irregular shapes, reduced thickness and only a scattered abundance of bone trabecula was identified. In the CAL group, 30% ethanolic eluate of PM (M, L) and crude extract of PM (H, M) groups, a reduced destruction of bone microarchitecture was shown compared to that in the prednisone group ([Figs. 10](#f10-etm-0-0-4802){ref-type="fig"}--[13](#f13-etm-0-0-4802){ref-type="fig"}). Separation (SP) images revealed that the red, orange and yellow areas were larger, particularly the red area in the prednisone group compared with that in the control group. It was indicated that SP was increased and the distance of bone trabecula had become larger. In the CAL, 30% ethanolic eluate of PM (M, L) and crude extract of PM (H) groups, the green area was larger than that in the prednisone group, wile the red, orange and yellow areas were smaller. It was indicated that the distance between bone trabecula had become shorter in these groups compared with that in the prednisone group. In the thickness (TH) images, the green area in the prednisone group had become more lager compared with that in the control group, while the red, orange and yellow areas had decreased in female rats compared those in the control group, indicating that the thickness of bone trabecula had decreased ([Fig. 11](#f11-etm-0-0-4802){ref-type="fig"}). It was found that the area of red, orange and yellow in the CAL, 30% ethanolic eluate of PM (M, L) and crude extract of PM (H, M, L) groups was larger compared with that in the prednisone group, indicating that the thickness of bone trabecula was increased; however, this phenomenon was not obvious in the femurs of male rats ([Fig. 10](#f10-etm-0-0-4802){ref-type="fig"}).

### Effects of PM on bone microarchitecture

The present study assessed the microarchitecture of bone trabecula in the sagittal section images, the density of bone trabeculae in the coronal section images and the thickness of conical bone in the cross sectional images. At the same time, the present study observed the thickness of bone trabecula in TH images, separation of bone trabecula in SP images and BV/TV of bone trabecula in SEG images. According to measurements of the right femur and the LV4 by 3D reconstruction, the parameters of bone microarchitecture were calculated for the analysis of the alterations of bone mass and structural characteristics. As shown in [Tables IV](#tIV-etm-0-0-4802){ref-type="table"}--[VII](#tVII-etm-0-0-4802){ref-type="table"}, BV/TV and density in the prednisone group were obviously damaged compared with those in the control group (P\<0.05), while CAL significantly counteracted the deteriorating influence of prednisone on the bone tissue microarchitecture. 30% ethanolic eluate of PM (M, L) and crude extract of the (H) also significantly improved the bone microstructure by increasing the BV/TV of the femur compared with that in the prednisone group (P\<0.05), but not to the same extent as CAL. 30% ethanolic eluate of PM (M, L) and crude extract of PM (H, M, L) were shown to improve the bone microstructure by increasing the BV/TV of LV4 compared with that in the prednisone group (P\<0.05).

### Effects of PM on BMD

Compared with the control group, the BMD of the distal femur and LV4 in male rats of the prednisone group was significantly decreased (P\<0.05), while this was not found in female rats. Compared with the prednisone group, CAL significantly improved the BMD of the distal femur of all rats and the BMD of LV4 of male rats. Although the other administration groups showed no significant differences in BMD compared to that in the prednisone group, a trend towards increased BMD was observed in female and male groups ([Tables VIII](#tVIII-etm-0-0-4802){ref-type="table"} and [IX](#tIX-etm-0-0-4802){ref-type="table"}).

### Effects of PM on biomechanical properties

In the prednisone group, biomechanical properties of femur and LV5 were found to be deteriorated, as evidenced by a decreased maximum load compared with that in the control group of male and female rats. CAL significantly improved the biomechanical properties of elastic load of femur and stiffness compared with those in the prednisone group (P\<0.05). The biomechanical properties of elastic load and stiffness of femur and LV5 were significantly increased by the crude extract of PM (H; P\<0.05). The effects of 30% ethanolic eluate of PM (M, L) and crude extract of PM (H) were not statistically significant, while there was a trend toward increased biomechanical function of femur and LV5 in female and male rats ([Tables X](#tX-etm-0-0-4802){ref-type="table"} and [XI](#tXI-etm-0-0-4802){ref-type="table"}).

Discussion
==========

An increasing number of clinical studies have evidenced the deleterious effect of GC on skeletal tissue, contributing to the development and progession of osteoporosis. The present study demonstrated that GC exerts a series of deleterious actions on bone tissue in male as well as female rats. A previous study by our group has demonstrated that extracts of PM exert a preventive effect on the bones of rats with ovariectomy-induced osteoporosis ([@b19-etm-0-0-4802]). The present study demonstrated that extracts of PM have a protective effect on BMD, bone mass, bone microarchitecture and bone strength in rats exposed to prednisone, indicating that PM has therapeutic potential in GIO.

Glucocorticoids are effective anti-inflammatory and immunomodulatory agents, which secondarily contribute to dysfunction of bone metabolism, increases of bone fragility and the ultimate consequence of bone fractures ([@b2-etm-0-0-4802]). According to the results of the present study the BV/TV, a significant skeletal parameter, was decreased in the distal femur and LV~4~, suggesting an obvious reduction in the content of the relative volume fraction of cancellous bone in bone tissue of rats treated with prednisone. Accordingly, the alterations in the trabecular architecture of the skeleton also consolidated the deleterious action of GC in terms of the direct visual method of 3D SEG imaging ([@b34-etm-0-0-4802]). The present study found that abnormal bone microstructure as well as a decrease in BMD and biomechanical properties were accompanied with weight loss of body, skeletal muscle and immune organs in rats treated with prednisone. The possible mechanisms of GIO are increased apoptosis of osteoblasts and mature osteocytes via activation of caspase 3 ([@b35-etm-0-0-4802]--[@b37-etm-0-0-4802]). In addition, GC-induced repression of bone morphogenetic protein-2 and expression of core binding factor a1, an osteoblast-specific gene, which is a critical factor for osteoblastogenesis and osteocalcin, may lead to reduced osteoblast proliferation and differentiation ([@b35-etm-0-0-4802],[@b38-etm-0-0-4802]). Studies have shown that GCs stimulate bone resorption, which may be associated with the stimulation of osteoclast differentiation and their capacity to bind to the bone surface by altering the expression of *N*-acetylglucosamine and *N*-acetylgalactosamine ([@b35-etm-0-0-4802]).

PM is of high medical value in Traditional Chinese Medicine ([@b39-etm-0-0-4802]). It has been reported that a PM decoction and aqueous extracts of PM have preventive effects on bone loss in ovariectomized rats by inhibiting bone resorption ([@b19-etm-0-0-4802]). However, the preventive effect of PM on bone loss in rats with prednisone-induced osteoporosis has remained to be elucidated. To the best of our knowledge, the present study was the first to show that extracts of PM, whose major active components are TSG and CAQ, are able to reduce bone loss in prednisone-induced rats. It was shown that the content of TSG and CAQ in the 30% ethanolic eluate of PM was higher than that in the crude extract of the PM. It has been previously reported that herbal samples a higher content of TSG and CAQ contain greater amounts of the pharmacologically active components of PM and are of better quality regarding clinical application ([@b25-etm-0-0-4802]). In the present study, HPLC was a convenient and effective approach to assess the quality of PM. The results showed that this method has a good reproducibility with a relative standard deviation of ≤2.0%.

The present study investigated the preventive effects of PM on prednisone-induced bone loss through assessing BMD, biomechanical properties and microstructure. In the 30% ethanolic eluate of PM (M, L) and crude extract of PM (H) groups, bone microarchitecture was improved, and BMD, biomechanical properties and the weight of thymus and ovaries were increased compared to those in the prednisone group, therefore producing an inhibitory effect on GIO, which was, however, not as high as that of CAL. It was also shown that the differences between the 30% ethanolic eluate of PM (H) group and the prednisone group were not statistically significant. According to previous studies, the anti-osteoporosis effects of PM may be associated with the following mechanisms ([@b19-etm-0-0-4802],[@b40-etm-0-0-4802],[@b41-etm-0-0-4802]): i) Improved activity of 1α-hydroxylase, increased content of calcium, phosphorus and hydroxyproline in bone tissue and reduced bone loss by activating alkaline phosphatase. ii) Increased content of malondialdehyde by activation of superoxide dismutase and anti-oxidant enzymes to prevent aging. iii) Improved kidney morphology with reduction of glomerular and tubular fibrosis. iv) TSG is a plant-derived estrogen with bioactivity, which may be used for estrogen replacement therapy. Therefore, PM may be considered as an ideal candidate for the prevention and treatment of GIO due to being economical, convenient and having a high clinical value.

Of note, the present study found that female rats may be more sensitive to prednisone treatment by gavage for 21 weeks than male rats to establish a model of osteoporosis. This was mainly evidenced by the destruction of the bone microarchitecture (BV/TV), which decreased by 28.6 and 14.0% in the femur and LV~4~, respectively, in male rats, while decreasing by 52 and 27.0% in the femur and LV~4~, respectively, of female rats compared with that in the prednisone groups. In the present study, cross-sectional images from micro-CT scans and longitudinal analysis of the distal femur excluding the cortical bone were performed in the measurement area between 1 and 4 mm distal to the growth plate-metaphysis junction ([@b29-etm-0-0-4802],[@b30-etm-0-0-4802]), as a previous study had indicated that trabecular bone is more responsive to pharmacological intervention than cortical bone ([@b3-etm-0-0-4802]).

In conclusion, rats exposed to prednisone showed abnormal bone microstructure as well as decreased BMD and biomechanical properties accompanied with inhibition of skeletal muscle and immune organs. It was demonstrated that 30% ethanolic eluate of PM (M, L) and crude extract of PM (H) exerted a preventive effect on bone loss in rats treated by prednisone. Further investigations are desirable to confirm the mechanism of bone loss prevention by PM *in vivo*. The present study provided basic evidence for developing PM as a therapeutic medication for the prevention and/or treatment of GIO.
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![High-performance liquid chromatograms of standards and samples of *Polygonum multiflorum*. (A) Standard solution of 2,3,5,4′-tetrahydroxystilbene-2-O-β-glucoside; (B) sample solution of *Polygonum multiflorum*.](etm-14-03-2445-g01){#f2-etm-0-0-4802}

![High-performance liquid chromatograms of standards and samples of *Polygonum multiflorum*. (A) Standard solution of emodin; (B) standard solution of physcion; (C) sample solution. Peaks: 1, emodin; 2, physcion.](etm-14-03-2445-g02){#f3-etm-0-0-4802}

![Changes in the weight in male rats in different groups over an administration period of 21 weeks. ^a^P\<0.05 vs. CON; ^b^P\<0.05 CAL vs. Pred; ^c^P\<0.05 30% ethanolic eluate of PM (H) vs. Pred; ^d^P\<0.05 30% ethanolic eluate of PM (M) vs. Pred; ^e^P\<0.05 30% ethanolic eluate of PM (L) vs. Pred; ^f^P\<0.05 crude extract of PM (H) vs. Pred; ^g^P\<0.05 crude extract of PM (M) vs. Pred; ^h^P\<0.05 crude extract of PM (L) vs. Pred. Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.](etm-14-03-2445-g03){#f4-etm-0-0-4802}

![Changes in the weight of the female rats in different groups over the administration period (21 weeks). ^a^P\<0.05 vs. CON; ^b^P\<0.05 CAL vs. Pred; ^c^P\<0.05 30% ethanolic eluate of PM (H) vs. Pred; ^d^P\<0.05 30% ethanolic eluate of PM (M) vs. Pred; ^e^P\<0.05 30% ethanolic eluate of PM (L) vs. Pred; ^f^P\<0.05 crude extract of PM (H) vs. Pred; ^g^P\<0.05 crude extract of PM (M) vs. Pred; ^h^P\<0.05 crude extract of PM (L) vs. Pred. Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.](etm-14-03-2445-g04){#f5-etm-0-0-4802}

![Two-dimensional images of the right femurs of male rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Magnification, ×12. Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g05){#f6-etm-0-0-4802}

![Two-dimensional images of the right femurs of female rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Magnification, ×12. Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g06){#f7-etm-0-0-4802}

![Two-dimensional images of the LV~4~ in male rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Magnification, ×12. Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g07){#f8-etm-0-0-4802}

![Two-dimensional images of the LV~4~ in female rats. (A) Saggital, (B) coronal and (C) cross sections. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g08){#f9-etm-0-0-4802}

![Three-dimensional reconstructed images of the right femur in male rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas of high bone density and red indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone density. Magnification, ×30. SEG, segmentation; SP, separation; TH, thickness; Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g09){#f10-etm-0-0-4802}

![Three-dimensional reconstructed images of the right femur in female rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas of high bone density and red indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone density. Magnification, ×30. SEG, segmentation; SP, separation; Th, thickness; Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g10){#f11-etm-0-0-4802}

![Three-dimensional reconstructed images of the LV~4~ in male rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas of high bone density and red indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone density. Magnification, ×30. SEG, segmentation; SP, separation; Th, thickness; Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g11){#f12-etm-0-0-4802}

![Three-dimensional reconstructed images of the LV~4~ in female rats. (A) SEG image, (B) trabecular SP and (C) trabecular TH. Groups: 1, control; 2, Pred (6 mg/kg/day); 3, Pred + calcitriol (0.045 µg/kg/day); 4, Pred + 30% ethanolic eluate of PM (high dose; 400 mg/kg/day); 5, Pred + 30% ethanolic eluate of PM (medium dose; 200 mg/kg/day); 6, Pred + 30% ethanolic eluate of PM (low dose; 100 mg/kg/day); 7, Pred + crude extract of PM (H; 400 mg/kg/d); 8, Pred + crude extract of PM (M; 200 mg/kg/day); 9, Pred + crude extract of PM (L; 100 mg/kg/day). For SP images, green indicates areas of high bone density and red indicates areas of low bone density. For TH images, green indicates areas of low bone density and red indicates areas of high bone density. Magnification, ×30. SEG, segmentation; SP, separation; Th, thickness; Pred, prednisone; PM, *Polygonum multiflorum*.](etm-14-03-2445-g12){#f13-etm-0-0-4802}

###### 

Content of TSG and CAQ in the extracts prepared (%).

  Group                      TSG         FAQ         TAQ         CAQ=TAQ-FAQ
  -------------------------- ----------- ----------- ----------- -------------
  30% ethanol eluate of PM   9.20±1.08   0.19±1.08   0.34±1.08   0.15±1.08
  Crude PM extract           2.23±1.26   0.11±1.32   0.14±1.32   0.03±1.32

PM, *Polygonum multiflorum*; TSG, 2, 3, 5, 4′-tetrahydroxystilbene-2-*O*-β-glucoside; CAQ, combined anthraquinone; TAQ, total anthraquinone; FAQ, free anthraquinone.

###### 

Effects of PM on organ and body weight (g) of male rats.

  Group                                  Whole body                                                    Thymus                                                    Adrenal glands                                              Kidneys                                                   Liver                                                     Tibialis anterior muscle                                  Testis
  -------------------------------------- ------------------------------------------------------------- --------------------------------------------------------- ----------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- -----------
  CON                                    375.38±37.52                                                  0.10±0.04                                                 0.051±0.017                                                 2.20±0.35                                                 8.17±1.13                                                 0.72±0.15                                                 3.08±0.46
  Pred                                   281.008±46.83^[a](#tfn3-etm-0-0-4802){ref-type="table-fn"}^   0.06±0.03                                                 0.042±0.005^[b](#tfn4-etm-0-0-4802){ref-type="table-fn"}^   1.60±0.21^[a](#tfn3-etm-0-0-4802){ref-type="table-fn"}^   6.37±0.89^[a](#tfn3-etm-0-0-4802){ref-type="table-fn"}^   0.56±0.11^[a](#tfn3-etm-0-0-4802){ref-type="table-fn"}^   2.58±0.68
  Pred+CAL                               314.008±61.90                                                 0.12±0.04^[c](#tfn5-etm-0-0-4802){ref-type="table-fn"}^   0.045±0.006                                                 1.80±0.31                                                 6.84±1.47                                                 0.65±0.14                                                 2.75±0.81
  Pred+30% ethanol eluate of PM (H)      330.63±54.16                                                  0.12±0.04^[c](#tfn5-etm-0-0-4802){ref-type="table-fn"}^   0.045±0.007                                                 1.88±0.29                                                 7.26±1.41                                                 0.64±0.10                                                 2.85±0.62
  Pred+30% ethanol eluate of the PM(M)   359.63±63.81^[c](#tfn5-etm-0-0-4802){ref-type="table-fn"}^    0.13±0.05^[c](#tfn5-etm-0-0-4802){ref-type="table-fn"}^   0.046±0.009                                                 1.91±0.33^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^   7.44±1.36                                                 0.72±0.06^[c](#tfn5-etm-0-0-4802){ref-type="table-fn"}^   2.72±0.52
  Pred+30% ethanol eluate of the PM(L)   340.25±53.88^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^    0.10±0.04^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^   0.041±0.007                                                 1.80±0.26                                                 7.28±1.05                                                 0.68±0.13^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^   2.79±0.36
  Pred+crude PM extract (H)              334.63±50.85^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^    0.11±0.04^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^   0.041±0.006                                                 1.85±0.15                                                 7.02±0.44                                                 0.68±0.06^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^   3.08±0.59
  Pred+crude PM extract (M)              323.25±54.31                                                  0.11±0.04^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^   0.039±0.010                                                 1.75±0.26                                                 6.80±1.08                                                 0.61±0.12                                                 2.87±0.98
  Pred+crude PM extract (L)              324.71±56.04                                                  0.11±0.06^[d](#tfn6-etm-0-0-4802){ref-type="table-fn"}^   0.042±0.008                                                 1.77±0.37                                                 7.19±1.50                                                 0.67±0.09                                                 2.46±0.79

Values are expressed as the mean ± standard deviation.

P\<0.01

P\<0.05 vs. CON

P\<0.01

P\<0.05 vs. Pred;. Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on organ and body weight (g) of female rats.

  Group                                   Whole body                                                                                                    Thymus                                                     Adrenal glands                                              Kidney                                                                                                      Liver                                                                                                    Tibialis anterior muscle                                   Ovaries                                                                                                    Uterus
  --------------------------------------- ------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- ---------------------------------------------------------
  CON                                     304.86±12.80                                                                                                  0.22±0.03                                                  0.069±0.019                                                 1.57±0.13                                                                                                   7.40±0.57                                                                                                0.61±0.02                                                  0.14±0.02                                                                                                  1.03±0.28
  Pred                                    263.00±18.59^[a](#tfn8-etm-0-0-4802){ref-type="table-fn"}^                                                    0.14±0.03^[b](#tfn9-etm-0-0-4802){ref-type="table-fn"}^    0.045±0.008^[b](#tfn9-etm-0-0-4802){ref-type="table-fn"}^   1.45±0.08                                                                                                   6.44±0.50^[a](#tfn8-etm-0-0-4802){ref-type="table-fn"}^                                                  0.52±0.05^[a](#tfn8-etm-0-0-4802){ref-type="table-fn"}^    0.09±0.02^[b](#tfn9-etm-0-0-4802){ref-type="table-fn"}^                                                    0.75±0.17^[b](#tfn9-etm-0-0-4802){ref-type="table-fn"}^
  Pred+CAL                                265.33±17.94                                                                                                  0.18±0.04                                                  0.056±0.016                                                 1.43±0.16                                                                                                   6.42±0.79                                                                                                0.57±0.05                                                  0.14±0.02^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^                                                   0.88±0.18
  Pred+30% ethanol eluate of PM (H)       263.22±23.92                                                                                                  0.18±0.08                                                  0.047±0.016                                                 1.36±0.17                                                                                                   5.73±0.51^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"},[d](#tfn11-etm-0-0-4802){ref-type="table-fn"}^   0.53±0.06                                                  0.12±0.02                                                                                                  0.73±0.25
  Pred+30% ethanol eluate of the PM (M)   289.25±28.76^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"},\ [d](#tfn11-etm-0-0-4802){ref-type="table-fn"}^   0.20±0.09                                                  0.056±0.026                                                 1.43±0.28                                                                                                   6.34±0.87                                                                                                0.58±0.05^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^   0.15±0.02^[e](#tfn12-etm-0-0-4802){ref-type="table-fn"}^                                                   0.82±0.26
  Pred+30% ethanol eluate of the PM (L)   266.44±29.72                                                                                                  0.22±0.07^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^   0.054±0.018                                                 1.46±0.09                                                                                                   6.14±0.54                                                                                                0.61±0.06^[e](#tfn12-etm-0-0-4802){ref-type="table-fn"}^   0.16±0.02^[e](#tfn12-etm-0-0-4802){ref-type="table-fn"}^                                                   0.81±0.17
  Pred+crude PM extract (H)               287.44±25.55^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^                                                   0.22±0.06^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^   0.059±0.021                                                 1.739±0.38^[e](#tfn12-etm-0-0-4802){ref-type="table-fn"},\ [f](#tfn13-etm-0-0-4802){ref-type="table-fn"}^   6.72±0.74                                                                                                0.58±0.07^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^   0.17±0.03^[e](#tfn12-etm-0-0-4802){ref-type="table-fn"},\ [f](#tfn13-etm-0-0-4802){ref-type="table-fn"}^   0.84±0.16
  Pred+crude PM extract (M)               260.88±24.49                                                                                                  0.18±0.09                                                  0.058±0.019                                                 1.52±0.16                                                                                                   6.39±0.46                                                                                                0.56±0.06                                                  0.18±0.08^[e](#tfn12-etm-0-0-4802){ref-type="table-fn"},[f](#tfn13-etm-0-0-4802){ref-type="table-fn"}^     0.73±0.21
  Pred+crude PM extract (L)               270.00±26.03                                                                                                  0.23±0.06^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^   0.056±0.019                                                 1.55±0.23                                                                                                   6.26±0.66                                                                                                0.59±0.05                                                  0.14±0.03^[c](#tfn10-etm-0-0-4802){ref-type="table-fn"}^                                                   0.79±0.17

Values are expressed as the mean ± standard deviation.

P\<0.01

P\<0.05 vs. CON

P\<0.05 vs. Pred

P\<0.05 vs. CAL

P\<0.01 vs. Pred

P\<0.01 vs. CAL. Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on distal femur bone microarchitecture in male rats.

  Group                               BV/TV (%)                                                  Density                                                                                                    SMI                                                        H-h (mm)                                                   B-b (mm)                                                    Tb.N (1/mm)                                                Tb.Th (1/mm)   Tb.Sp (1/mm)                                               BMD (mg/cm^2^)
  ----------------------------------- ---------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------- ---------------------------------------------------------- -------------- ---------------------------------------------------------- -------------------------------------------------------------
  CON                                 0.21±0.04                                                  56.18±9.53                                                                                                 1.54±0.295                                                 1.04±0.13                                                  1.14±0.11                                                   2.34±0.51                                                  0.09±0.01      0.48±0.14                                                  155.40±30.39
  Pred                                0.15±0.04^[a](#tfn15-etm-0-0-4802){ref-type="table-fn"}^   39.25±8.20^[b](#tfn16-etm-0-0-4802){ref-type="table-fn"}^                                                  1.96±0.42                                                  0.73±0.08^[b](#tfn16-etm-0-0-4802){ref-type="table-fn"}^   0.83±0.084^[b](#tfn16-etm-0-0-4802){ref-type="table-fn"}^   1.89±0.36                                                  0.08±0.01      0.58±0.12                                                  116.68±38.35
  Pred+CAL                            0.22±0.08^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   66.03±16.41^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^                                                 1.54±0.57                                                  0.94±0.09^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   0.97±0.05^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^    3.04±0.82^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   0.09±0.01      0.37±0.13^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   178.06±50.44^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (H)   0.18±0.05                                                  54.94±11.38^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^                                                 1.73±0.44                                                  0.90±0.11^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   0.93±0.08^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^    2.25±0.46^[e](#tfn19-etm-0-0-4802){ref-type="table-fn"}^   0.08±0.01      0.49±0.10^[f](#tfn20-etm-0-0-4802){ref-type="table-fn"}^   145.52±42.46
  Pred+30% ethanol eluate of PM (M)   0.22±0.05^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   58.74±9.78^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^                                                  1.37±0.51^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^   0.93±0.08^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   0.97±0.05^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^    2.37±0.39^[f](#tfn20-etm-0-0-4802){ref-type="table-fn"}^   0.09±0.01      0.46±0.08^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^   172.27±35.76^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (L)   0.21±0.07^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^   54.07±11.90^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"},[f](#tfn20-etm-0-0-4802){ref-type="table-fn"}^   1.39±0.66^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^   0.91±0.04^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   1.01±0.06^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^    2.31±0.32^[e](#tfn19-etm-0-0-4802){ref-type="table-fn"}^   0.09±0.01      0.47±0.06                                                  161.01±48.97^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (H)           0.19±0.02                                                  62.13±13.11^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^                                                 1.59±0.25                                                  0.90±0.05^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   1.03±0.09^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^    2.55±0.71^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^   0.08±0.01      0.45±0.14^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^   150.74±15.68
  Pred+crude PM extract (M)           0.18±0.07                                                  47.67±13.29^[e](#tfn19-etm-0-0-4802){ref-type="table-fn"}^                                                 1.73±0.59                                                  0.94±0.08^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   0.93±0.09^[d](#tfn18-etm-0-0-4802){ref-type="table-fn"}^    2.13±0.49^[e](#tfn19-etm-0-0-4802){ref-type="table-fn"}^   0.09±0.01      0.51±0.10^[f](#tfn20-etm-0-0-4802){ref-type="table-fn"}^   133.85±54.79^[f](#tfn20-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (L)           0.19±0.05                                                  56.06±11.93^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^                                                 1.66±0.43                                                  0.91±0.10^[c](#tfn17-etm-0-0-4802){ref-type="table-fn"}^   0.91±0.21                                                   2.30±0.61^[e](#tfn19-etm-0-0-4802){ref-type="table-fn"}^   0.09±0.01      0.49±0.15^[f](#tfn20-etm-0-0-4802){ref-type="table-fn"}^   142.74±41.03

Values are expressed as the mean ± standard deviation.

P\<0.05

P\<0.01 vs. CON

P\<0.01

P\<0.05 vs. Pred

P\<0.01

P\<0.05 vs. CAL. BV/TV, bone volume/total volume; SMI, structure model index; Tb.N, trabecular number; Tb.Sp, trabecular separation; Tb.Th, trabecular thickness; BMD, bone mineral density; Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on distal femur bone microarchitecture in female rats.

  Group                               BV/TV (%)                                                  Density                                                      SMI                                                        H-h (mm)                                                                                                   B-b (mm)                                                                                                   Tb.N (1/mm)                                                Tb.Th (1/mm)                                                                                               Tb.Sp (1/mm)   BMD (mg/cm^2^)
  ----------------------------------- ---------------------------------------------------------- ------------------------------------------------------------ ---------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- -------------- -------------------------------------------------------------
  CON                                 0.25±0.06                                                  112.75±23.26                                                 1.61±0.54                                                  1.02±0.05                                                                                                  0.98±0.08                                                                                                  4.45±0.68                                                  0.08±0.01                                                                                                  0.23±0.04      335.53±37.03
  Pred                                0.12±0.05^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^   59.82±38.47^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^   2.81±0.51^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^   0.79±0.09^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^                                                   0.71±0.09^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^                                                   3.42±1.01^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^   0.06±0.01^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^                                                   0.33±0.11      251.62±47.31^[a](#tfn22-etm-0-0-4802){ref-type="table-fn"}^
  Pred+CAL                            0.27±0.13^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^   95.19±29.76^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^   1.27±1.28^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^   1.03±0.07^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^                                                   1.04±0.11^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^                                                   4.38±1.05                                                  0.09±0.02^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^                                                   0.24±0.07      338.76±81.82^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (H)   0.16±0.07^[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^   77.19±36.70                                                  2.38±0.56^[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^   0.803±0.08^[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^                                                  0.79±0.08^[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^                                                   3.46±1.13                                                  0.07±0.01^[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^                                                   0.33±0.12      271.78±58.52^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (M)   0.21±0.11^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^   80.15±35.44                                                  2.07±1.05^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^   0.87±0.10^[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^                                                   0.88±0.06^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},\ [d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^   3.83±1.14                                                  0.08±0.01^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^                                                   0.30±0.13      304.38±72.69
  Pred+30% ethanol eluate of PM (L)   0.22±0.09^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^   89.23±42.41                                                  1.92±0.89^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^   0.91±0.06^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},\ [d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^   0.85±0.06^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^     3.92±1.20                                                  0.08±0.01^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^                                                   0.29±0.11      310.07±64.32^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (H)           0.21±0.09^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^   99.77±43.44^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^   2.10±0.81^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^   0.90±0.10^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^     0.86±0.07^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},\ [d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^   4.29±0.99                                                  0.08±0.01^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"},[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^     0.25±0.07      313.02±57.15^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (M)           0.19±0.05^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^   83.23±23.56                                                  2.20±0.42^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^   0.97±0.10^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^                                                   0.86±0.12^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},\ [d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^   3.81±0.91                                                  0.07±0.01^[c](#tfn24-etm-0-0-4802){ref-type="table-fn"},[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^     0.29±0.09      293.10±41.54
  Pred+crude PM extract (L)           0.19±0.07^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^   76.74±33.92                                                  2.09±0.70^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^   0.98±0.07^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"}^                                                   0.89±0.11^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},[d](#tfn25-etm-0-0-4802){ref-type="table-fn"}^     3.50±0.91                                                  0.08±0.01^[b](#tfn23-etm-0-0-4802){ref-type="table-fn"},\ [e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^   0.31±0.08      278.36±52.78^[e](#tfn26-etm-0-0-4802){ref-type="table-fn"}^

Values are expressed as the mean ± standard deviation.

P\<0.01 vs. CON

P\<0.01

P\<0.05 vs. Pred

P\<0.01

P\<0.05 vs. CAL. BV/TV, bone volume/total volume; SMI, structure model index; Tb.N, trabecular number; Tb.Sp, trabecular separation; Tb.Th, trabecular thickness; BMD, bone mineral density; Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on LV~4~ bone microarchitecture in male rats.

  Group                               BV/TV/%                                                    Density                                                     SMI                                                         Tb.N (1/mm)                                                Tb.Th (1/mm)                                               Tb.Sp (1/mm)                                               BMD (mg/cm2)
  ----------------------------------- ---------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------------
  CON                                 0.43±0.04                                                  65.13±13.84                                                 −1.12±0.66                                                  4.26±0.28                                                  0.11±0.01                                                  0.22±0.02                                                  280.82±26.62
  Pred                                0.37±0.05^[a](#tfn28-etm-0-0-4802){ref-type="table-fn"}^   46.17±6.71^[b](#tfn29-etm-0-0-4802){ref-type="table-fn"}^   −0.56±0.53                                                  3.59±0.33^[b](#tfn29-etm-0-0-4802){ref-type="table-fn"}^   0.11±0.01                                                  0.27±0.04^[b](#tfn29-etm-0-0-4802){ref-type="table-fn"}^   265.62±36.32
  Pred+CAL                            0.48±0.06^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   50.70±14.20                                                 −1.91±0.91^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   4.18±0.23^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   0.12±0.01^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   0.22±0.02^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   323.13±34.19^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (H)   0.43±0.06^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   52.87±13.42                                                 −1.23±0.83                                                  3.94±0.09^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   0.11±0.01                                                  0.24±0.01^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   301.93±34.55^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (M)   0.44±0.05^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   51.37±14.65                                                 −1.34±0.63^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   3.97±0.13^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   0.11±0.01                                                  0.24±0.01^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   306.06±29.60^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (L)   0.44±0.07^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   46.10±8.37                                                  −1.28±0.95                                                  3.92±0.30^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   0.12±0.01^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   0.24±0.03^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   310.16±41.27^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (H)           0.45±0.06^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   52.68±16.73                                                 −1.50±0.90^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   4.07±0.46^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   0.12±0.01^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   0.23±0.03^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   316.64±38.17^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (M)           0.44±0.03^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   48.28±8.34                                                  −1.33±0.43^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   3.91±0.26^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   0.12±0.01^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   0.24±0.02^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   306.28±17.48^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (L)           0.44±0.08^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   49.96±9.13                                                  −1.29±1.05                                                  3.97±0.33^[c](#tfn30-etm-0-0-4802){ref-type="table-fn"}^   0.11±0.01                                                  0.24±0.03^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^   305.28±46.17^[d](#tfn31-etm-0-0-4802){ref-type="table-fn"}^

Values are expressed as the mean ± standard deviation.

P\<0.05

P\<0.01 vs. CON

P\<0.01

P\<0.05 vs. Pred. BV/TV, bone volume/total volume; SMI, structure model index; Tb.N, trabecular number; Tb.Sp, trabecular separation; Tb.Th, trabecular thickness; BMD, bone mineral density; Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on LV~4~ bone microarchitecture in female rats.

  Group                               BV/TV/%                                                    Density                                                      SMI                                                         Tb.N (1/mm)                                                 Tb.Th (1/mm)                                                                                             Tb.Sp (1/mm)                                               BMD (mg/cm^2^)
  ----------------------------------- ---------------------------------------------------------- ------------------------------------------------------------ ----------------------------------------------------------- ----------------------------------------------------------- -------------------------------------------------------------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------------
  CON                                 0.37±0.06                                                  75.49±9.43                                                   −0.01±0.89                                                  4.13±0.28                                                   0.11±0.01                                                                                                0.25±0.02                                                  381.18±38.97
  Pred                                0.27±0.09^[a](#tfn33-etm-0-0-4802){ref-type="table-fn"}^   75.49±21.58                                                  0.74±1.05                                                   3.702±0.51^[b](#tfn34-etm-0-0-4802){ref-type="table-fn"}^   0.08±0.010^[a](#tfn33-etm-0-0-4802){ref-type="table-fn"}^                                                0.28±0.04                                                  327.47±54.62^[b](#tfn34-etm-0-0-4802){ref-type="table-fn"}^
  Pred+CAL                            0.43±0.08^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   61.52±14.01                                                  −1.26±1.36^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   4.21±0.41^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^    0.11±0.01^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^                                                 0.24±0.03^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   420.66±49.72^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (H)   0.33±0.08^[d](#tfn36-etm-0-0-4802){ref-type="table-fn"}^   73.49±12.51                                                  0.29±1.18^[d](#tfn36-etm-0-0-4802){ref-type="table-fn"}^    3.9j3±0.41                                                  0.10±0.01^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"},[e](#tfn37-etm-0-0-4802){ref-type="table-fn"}^   0.26±0.03                                                  365.53±47.18^[e](#tfn37-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (M)   0.39±0.09^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   73.40±14.78                                                  −0.25±1.45                                                  4.23±0.40^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^    0.11±0.01^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^                                                 0.24±0.03^[f](#tfn38-etm-0-0-4802){ref-type="table-fn"}^   401.19±56.19^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (L)   0.40±0.09^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   70.65±13.29                                                  −0.67±1.34^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   4.18±0.40^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^    0.11±0.01^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^                                                 0.24±0.03^[f](#tfn38-etm-0-0-4802){ref-type="table-fn"}^   408.05±53.31^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (H)           0.38±0.05^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   82.26±16.72^[d](#tfn36-etm-0-0-4802){ref-type="table-fn"}^   −0.26±0.82                                                  4.25±0.32^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^    0.10±0.01^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^                                                 0.24±0.02^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   398.68±35.50^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (M)           0.37±0.06^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   75.89±17. 60                                                 −0.20±0.99                                                  4.07±0.27^[f](#tfn38-etm-0-0-4802){ref-type="table-fn"}^    0.10±0.01^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"},[e](#tfn37-etm-0-0-4802){ref-type="table-fn"}^   0.25±0.02                                                  389.48±37.36^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (L)           0.37±0.03^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^   68.67±13.95                                                  −0.42±0.69^[f](#tfn38-etm-0-0-4802){ref-type="table-fn"}^   3.94±0.20                                                   0.10±0.01^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^                                                 0.26±0.02                                                  388.69±21.36^[c](#tfn35-etm-0-0-4802){ref-type="table-fn"}^

Values are expressed as the mean ± standard deviation.

P\<0.01

P\<0.05 vs. CON

P\<0.01 vs. Pred

P\<0.01

P\<0.05 vs. CAL

P\<0.05 vs. Pred. BV/TV, bone volume/total volume; SMI, structure model index; Tb.N, trabecular number; Tb.Sp, trabecular separation; Tb.Th, trabecular thickness; BMD, bone mineral density; Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on the BMD and BMC in the femur and LV~4~ of male rats.

  Group                               LV~4~ BMD (mg/cm2)                                           LV~4~ BMC (g)                                                Whole femur BMD (mg/cm^2^)                                   Whole femur BMC (g)                                          Proximal femur BMD (mg/cm^2^)   Proximal femur BMC (g)                                       Distal femur BMD (mg/cm^2^)                                  Distal femur BMC (g)
  ----------------------------------- ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------- ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------
  CON                                 0.251±0.016                                                  0.093±0.013                                                  0.248±0.011                                                  0.429±0.041                                                  0.249±0.015                     0.128±0.010                                                  0.239±0.013                                                  0.190±0.016
  Pred                                0.224±0.016^[a](#tfn40-etm-0-0-4802){ref-type="table-fn"}^   0.076±0.012^[b](#tfn41-etm-0-0-4802){ref-type="table-fn"}^   0.233±0.017^[b](#tfn41-etm-0-0-4802){ref-type="table-fn"}^   0.337±0.059^[a](#tfn40-etm-0-0-4802){ref-type="table-fn"}^   0.239±0.021                     0.108±0.015^[a](#tfn40-etm-0-0-4802){ref-type="table-fn"}^   0.224±0.013^[b](#tfn41-etm-0-0-4802){ref-type="table-fn"}^   0.158±0.024^[a](#tfn40-etm-0-0-4802){ref-type="table-fn"}^
  Pred+CAL                            0.249±0.024^[c](#tfn42-etm-0-0-4802){ref-type="table-fn"}^   0.091±0.019^[d](#tfn43-etm-0-0-4802){ref-type="table-fn"}^   0.247±0.018                                                  0.401±0.070^[d](#tfn43-etm-0-0-4802){ref-type="table-fn"}^   0.248±0.023                     0.121±0.023                                                  0.240±0.015^[d](#tfn43-etm-0-0-4802){ref-type="table-fn"}^   0.186±0.029^[c](#tfn42-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (H)   0.236±0.016                                                  0.084±0.016                                                  0.243±0.017                                                  0.374±0.066                                                  0.246±0.016                     0.115±0.012                                                  0.232±0.015                                                  0.172±0.029
  Pred+30% ethanol eluate of PM (M)   0.235±0.015                                                  0.083±0.010                                                  0.235±0.012                                                  0.366±0.050                                                  0.242±0.014                     0.117±0.014                                                  0.223±0.013                                                  0.162±0.023^[e](#tfn44-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (L)   0.228±0.017^[e](#tfn44-etm-0-0-4802){ref-type="table-fn"}^   0.080±0.015                                                  0.239±0.016                                                  0.369±0.056                                                  0.241±0.015                     0.113±0.011                                                  0.231±0.016                                                  0.169±0.021
  Pred+crude PM extract (H)           0.240±0.015                                                  0.084±0.008                                                  0.244±0.008                                                  0.382±0.031                                                  0.245±0.011                     0.118±0.010                                                  0.236±0.009                                                  0.173±0.010
  Pred+crude PM extract (M)           0.235±0.019                                                  0.084±0.021                                                  0.236±0.016                                                  0.355±0.062                                                  0.242±0.013                     0.116±0.016                                                  0.225±0.014                                                  0.163±0.024^[e](#tfn44-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (L)           0.229±0.022^[e](#tfn44-etm-0-0-4802){ref-type="table-fn"}^   0.082±0.017                                                  0.235±0.010                                                  0.363±0.045                                                  0.242±0.009                     0.114±0.014                                                  0.225±0.008                                                  0.165±0.018

Values are expressed as the mean ± standard deviation.

P\<0.01

P\<0.05 vs. CON

P\<0.01

P\<0.05 vs. Pred

P\<0.05 vs. CAL. BMC, bone mineral content; BMD, bone mineral density; Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on BMD and BMC of the femur and LV~4~ in female rats.

  Group                               LV~4~ BMD (mg/cm2)   LV~4~ BMC (g)   Whole femur BMD (mg/cm^2^)                                   Whole femur BMC (g)   Proximal femur BMD (mg/cm^2^)                                Proximal femur BMC (g)                                       Distal femur BMD (mg/cm^2^)                                  Distal femur BMC (g)
  ----------------------------------- -------------------- --------------- ------------------------------------------------------------ --------------------- ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------ ------------------------------------------------------------
  CON                                 0.252±0.006          0.086±0.012     0.262±0.011                                                  0.402±0.022           0.257±0.011                                                  0.121±0.007                                                  0.264±0.011                                                  0.203±0.012
  Pred                                0.236±0.016          0.077±0.011     0.251±0.010                                                  0.366±0.026           0.248±0.008                                                  0.108±0.008^[a](#tfn46-etm-0-0-4802){ref-type="table-fn"}^   0.249±0.013^[a](#tfn46-etm-0-0-4802){ref-type="table-fn"}^   0.186±0.015
  Pred+CAL                            0.240±0.027          0.079±0.016     0.263±0.018                                                  0.372±0.060           0.259±0.019                                                  0.110±0.012                                                  0.265±0.018^[b](#tfn47-etm-0-0-4802){ref-type="table-fn"}^   0.193±0.029
  Pred+30% ethanol eluate of PM (H)   0.232±0.026          0.069±0.016     0.246±0.020^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.341±0.048           0.243±0.020^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.103±0.014                                                  0.246±0.021^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.175±0.024^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (M)   0.239±0.025          0.074±0.013     0.250±0.017                                                  0.363±0.043           0.247±0.016                                                  0.111±0.011                                                  0.250±0.018^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.183±0.021
  Pred+30% ethanol eluate of PM (L)   0.237±0.019          0.077±0.012     0.249±0.013^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.346±0.025           0.247±0.016                                                  0.105±0.007                                                  0.249±0.013^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.177±0.012
  Pred+crude PM extract (H)           0.236±0.016          0.079±0.014     0.254±0.013                                                  0.376±0.033           0.251±0.015                                                  0.111±0.011                                                  0.254±0.013                                                  0.190±0.015
  Pred+crude PM extract (M)           0.233±0.012          0.072±0.010     0.246±0.012^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.349±0.026           0.240±0.012^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.105±0.006                                                  0.247±0.012^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.176±0.010
  Pred+crude PM extract (L)           0.225±0.017          0.072±0.007     0.246±0.013^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.3381±0.025          0.243±0.013^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.104±0.008                                                  0.247±0.014^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^   0.173±0.013^[c](#tfn48-etm-0-0-4802){ref-type="table-fn"}^

Values are expressed as the mean ± standard deviation.

P\<0.05 vs. CON

P\<0.05 vs. Pred

P\<0.05 vs. CAL. BMC, bone mineral content; BMD, bone mineral density; Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on biomechanical properties of the femur in male and female rats.

                                      Male                                                          Female                                                                                                                                                                                                                                  
  ----------------------------------- ------------------------------------------------------------- -------------- -------------- -------------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------------- --------------- --------------------------------------------------------------
  CON                                 100.60±15.77                                                  199.25±27.99   192.33±36.27   733.60±101.84                                                  102.27±8.89                                                  168.07±10.11                                                  159.56±17.25    519.29±36.90
  Pred                                80.80±16.70^[a](#tfn50-etm-0-0-4802){ref-type="table-fn"}^    170.24±22.36   161.19±30.45   515.57±127.80^[a](#tfn50-etm-0-0-4802){ref-type="table-fn"}^   87.78±10.86^[b](#tfn51-etm-0-0-4802){ref-type="table-fn"}^   155.19±10.57                                                  147.59±15.34    507.28±68.61
  Pred+CAL                            98.52±15.14^[c](#tfn52-etm-0-0-4802){ref-type="table-fn"}^    185.03±26.45   180.78±32.70   649.34±110.87^[d](#tfn53-etm-0-0-4802){ref-type="table-fn"}^   90.84±15.28                                                  159.76±24.75                                                  153.33±19.54    541.04±72.73
  Pred+30% ethanol eluate of PM (H)   84.25±16.22                                                   183.00±34.09   180.18±31.56   546.11±93.56^[e](#tfn54-etm-0-0-4802){ref-type="table-fn"}^    81.35±16.09                                                  148.48±19.30                                                  144.215±24.55   469.77±65.31
  Pred+30% ethanol eluate of PM (M)   87.31±9.68                                                    188.48±27.78   185.59±28.64   596.70±81.76                                                   91.73±26.61                                                  153.73±22.86                                                  150.67±25.57    386.10±112.03^[f](#tfn55-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (L)   90.73±11.07                                                   185.78±35.82   168.94±46.64   603.23±98.72                                                   86.31±11.34                                                  154.92±27.67                                                  150.40±28.63    538.35±96.16
  Pred+crude PM extract (H)           100.25±16.27^[c](#tfn52-etm-0-0-4802){ref-type="table-fn"}^   185.99±23.94   174.23±37.78   642.83±89.27^[c](#tfn52-etm-0-0-4802){ref-type="table-fn"}^    87.28±9.10                                                   150.27±13.29                                                  144.01±15.71    540.68±99.70
  Pred+crude PM extract (M)           86.52±18.98                                                   181.10±38.01   175.96±37.56   575.74±120.33                                                  84.74±8.34                                                   140.02±15.87^[e](#tfn54-etm-0-0-4802){ref-type="table-fn"}^   135.16±14.59    460.81±61.41
  Pred+crude PM extract (L)           90.08±16.45                                                   179.41±29.95   169.61±26.57   595.99±97.08                                                   96.23±16.83                                                  147.88±18.08                                                  144.83±17.26    412.42±46.12^[f](#tfn55-etm-0-0-4802){ref-type="table-fn"}^

Values are expressed as the mean ± standard deviation.

P\<0.01

P\<0.05 vs. CON

P\<0.05

P\<0.01 vs. Pred

P\<0.05

P\<0.01 vs. CAL. Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.

###### 

Effects of PM on the biomechanical properties of LV~5~ in male and female rats.

                                      Male                                                          Female                                                                                                                                                                                                                                                                                                                                  
  ----------------------------------- ------------------------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------- ----------------- ------------------------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------- ----------------------------------------------------------------
  CON                                 173.82±50.40                                                  315.26±44.71                                                  187.84±49.47                                                  839.69±286.01     264.01±66.90                                                  323.63±56.87                                                  197.94±56.79                                                  1,533.14±506.80
  Pred                                211.88±41.09                                                  283.42±31.49                                                  198.50±70.29                                                  1,186.13±355.17   174.99±74.07^[a](#tfn57-etm-0-0-4802){ref-type="table-fn"}^   242.49±53.08^[a](#tfn57-etm-0-0-4802){ref-type="table-fn"}^   148.31±61.45^[b](#tfn58-etm-0-0-4802){ref-type="table-fn"}^   907.13±428.67^[a](#tfn57-etm-0-0-4802){ref-type="table-fn"}^
  Pred+CAL                            257.90±62.76                                                  302.10±48.59                                                  230.27±44.89                                                  958.97±406.82     271.29±59.71^[c](#tfn59-etm-0-0-4802){ref-type="table-fn"}^   290.92±57.57                                                  177.89±49.05                                                  1,331.15±523.66^[d](#tfn60-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (H)   149.63±64.63^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   234.66±49.06^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   169.76±40.78^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   739.77±242.23     122.79±49.17^[f](#tfn62-etm-0-0-4802){ref-type="table-fn"}^   215.44±44.67^[f](#tfn62-etm-0-0-4802){ref-type="table-fn"}^   117.18±27.47^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   697.42±277.67^[f](#tfn62-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (M)   205.43±89.62                                                  286.41±52.37                                                  188.24±50.84                                                  1,045.02±501.03   176.43±57.45^[f](#tfn62-etm-0-0-4802){ref-type="table-fn"}^   236.45±60.37^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   162.38±51.73                                                  832.18±230.15^[f](#tfn62-etm-0-0-4802){ref-type="table-fn"}^
  Pred+30% ethanol eluate of PM (L)   137.09±42.79^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   241.62±54.44^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   169.23±43.92^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   752.04±297.88     199.52±64.80^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   253.82±57.07                                                  145.26±65.47                                                  1,210.83±389.87
  Pred+crude PM extract (H)           161.71±73.96^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   255.94±73.38                                                  170.23±66.03^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   891.02±462.16     165.51±75.21^[f](#tfn62-etm-0-0-4802){ref-type="table-fn"}^   238.20±49.27^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   142.84±48.85                                                  931.84±247.40^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^
  Pred+crude PM extract (M)           165.60±48.01^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   246.18±51.03^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   179.27±44.60^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   831.93±407.91     204.74±56.50^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   242.82±39.04                                                  104.63±23.31^[f](#tfn62-etm-0-0-4802){ref-type="table-fn"}^   1,022.80±378.56
  Pred+crude PM extract (L)           163.54±41.70^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   247.59±66.77^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   169.25±51.14^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   833.06±266.57     201.30±46.09^[e](#tfn61-etm-0-0-4802){ref-type="table-fn"}^   241.96±60.50                                                  149.46±43.07                                                  1,157.27±412.47

Values are expressed as the mean ± standard deviation.

P\<0.01

P\<0.05 vs. CON

P\<0.01

P\<0.05 vs. Pred

P\<0.05

P\<0.01 vs. CAL. Pred, prednisone; PM, *Polygonum multiflorum*; H, high dose; M, medium dose; L, low dose; CAL, calcitriol; CON, control.
